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Description 

The present invention relates to a device and a 
method for detecting the presence of an article, more 
particularly, it relates to an article detection device 
used with a bar code reader. 

Recently, barcode readers are widely utilized for 
management of goods in a POS (Point Of Sales) sys- 
tem. In general, there are two types of bar code read- 
ers, i.e., an installed type and a handheld type. The 
former is large and installed in a counter of large store. 
This type has a plurality of scanning beams (laser 
beams) to be irradiated onto a barcode symbol so that 
it is possible to provide highly precise detection of the 
bar code symbol regardless of a direction of entry of 
the article into an scanning area of the laser beam. 
Further, in general, this type has an article detection 
device for detecting the entry of the article into the 
scanning area of the laser beam before the laser 
beam is turned on. Since the laser beam is turned on 
after detection of the article, it is possible to extend 
the life of a laser beam source. 

in general use, the operator of a bar code reader 
sits behind the article. However, the light reflected 
from the operator should not be detected as an article 
by the article detection device. Further, random exter- 
nal light (ambient light), for example, fluorescent 
lamps and sunlight, exists around the article, and the 
light reflected from the operator and the ambient light 
have an undesirable influence on the detection of the 
bar code symbol. 

Accordingly, it is necessary to eliminate the influ- 
ence of this reflected light so as to increase the reli- 
ability of detection of articles. 

It is therefore desirable to provide an article de- 
tection device (i.e. device for detecting the presence 
of an article), and a method for detecting the pres- 
ence of an article, in which the presence of an article 
can be reliably detected regardless of the influence of 
ambient light reflected from various sources. 

US-A-4 694 182 discloses a hand held bar code 
reader using a modulated laser diode as a light 
source. By modulating the diode, and timing the read- 
ing detector accordingly, the effects of strong ambi- 
ent light can be subtracted out 

EP-A-0 323 848 discloses a device and a method 
according to the preambles of accompanying claims 
1 and 12. Detection of the presence of an article is 
achieved using an article detection circuit which inte- 
grates and smooths a received light signal, and which 
generates an article detection signal to activate a 
main light source and a bar code reader. 

GB-A-2 114 792 discloses an apparatus for rec- 
ognising optical code markings which employs photo- 
receivers for detecting the presence or absence of an 
article. 

In accordance with the present invention, there is 
provided a device for detecting the presence of an ar- 



ticle, including: a light emission unit for emitting de- 
tection light onto an article; and a light reception unit 
for receiving light reflected from the article; and char- 
acterised by : an analog-to-digital converter for con- 

5 verting the reflected light to a digital signal; a first reg- 
ister for storing the digital signal after being sampled 
using a first sampling signal having a first period; a 
second register for storing the digital signal after be- 
ing sampled using a second sampling signal having a 

10 second period shorter than the first period; and a con- 
trol unit for generating the first and second sampling 
signals to be sent to the first and second registers, 
reading the digital signal stored in the first and second 
registers, calculating a difference between the digital 

15 signals in the first register and second register, com- 
paring an absolute value of the difference with a pre- 
determined threshold value, and detecting the pres- 
ence of an article when the absolute value is larger 
than a threshold value. 

20 In one embodiment, the article detection device 
further comprises: an AC-ampllf Ier connected to the 
light reception unit for amplifying the reflected light; 
a sample/hold unit connected between the AC- am pi i- 
f ier and the A/D converter for sampling and holding an 

25 alternating signal amplified by the AC-amplif ier, and 
a modulation unit for generating a pulse modulation 
signal to be sent to a drive unit which pulse-drives the 
light emission unit; wherein the control unit further 
generates control signals to be sent to the modulation 

30 unit, the sample/hold unit, and the A/D converter to 
control the operation of these units. 

In another embodiment, the control unit compris- 
es a storage unit for storing a number of sampling 
times and storing a threshold value comprised of a 

35 first and second threshold values. 

In still another embodiment, the sample/hold unit 
comprises a maximum sample/hold circuit for sam- 
pling and holding a maximum value of the alternating 
signal, a minimum sample/hold circuit for sampling 

40 and holding a minimum value of the alternating signal, 
and a differential amplifier for amplifying a difference 
between the outputs of the maximum sample/hold cir- 
cuit and the minimum sample/hold circuit. 

In still another embodiment, the sample/hold unit 

45 further comprises a first delay unit for delaying a first 
sampling signal, and a second delay unit for delaying 
a second sampling signal, the first sampling signal is 
input to the maximum sample/hold circuit, and the 
second sampling signal is input to the minimum sam- 

50 pie/hold circuit. 

In still another embodiment, an article detection 
device further comprises: a difference calculation 
unit having a differential amplifier for calculating a 
difference between a level of background reflected 

55 light and a lower limitation level, the background re- 
flected light being detected from the background of 
the article, and the lower limitation level being adjust- 
ed in accordance with the intensity of the background 
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reflected light In an adjusting mode; and detection 
means for detecting a change in amount of light based 
on the resultant data of the above calculation to elim- 
inate the influence of the ambient light 

In still another embodiment, the intensity of the 
background reflected light is determined by a refer- 
ence reflection face having a predetermined reflec- 
tion rate. 

In still another embodiment, the article detection 
device comprises a sample/hold circuit for sampling 
and holding the output of the differential amplifier, an 
adjusting circuit for adjusting the lower limitation lev- 
el, a first A/D converter for converting the output of the 
differential amplifier to a digital value, a second A/D 
converter for converting the output of the sample/hold 
circuit to a digital value, and a third A/D converter for 
converting the output of the adjusting circuit to a dig- 
ital value. 

In still another embodiment, the article detection 
device further comprises an adjusting unit for adjust- 
ing the gain of an amplifier connected to the light re- 
ception element, and a reference voltage generation 
unit for generating first and second reference voltag- 
es to be supplied to the amplifier, wherein the adjust- 
ment of the gain of the amplifier is performed in such 
a way that when ambient light does not exceed a pre- 
determined threshold level, the first reference voltage 
is selected and the gain is adjusted to a high level, and 
when the ambient light does exceed a predetermined 
threshold level, the second reference voltage is se- 
lected and the gain is adjusted to a low level. 

In still another embodiment, the adjusting unit 
comprises a plurality of analog switches, a first ana- 
log switch being used for switching the gain between 
the high level and the low level, a second analog 
switch is used for switching between detection of am- 
bient light and the light reflected from an article, and 
a third analog switch is used for switching the refer- 
ence voltage between the first and the second refer- 
ence voltages. The switching of these analog 
switches is performed by selection signals generated 
by the control unit 

In still another embodiment, the control unit com- 
prises a microprocessor. 

As another aspect of the present invention, a 
method for detecting the presence of an article com- 
prises the steps of: emitting detection light to be irra- 
diated onto an article; and receiving light reflected 
from the article; and is characterised by the further 
steps of : converting the light reflected to a digital sig- 
nal; storing the digital signal in a first register after be- 
ing sampled using a first sampling signal generated 
by the control unit and having a first period; and stor- 
ing the digital signal in a second register after being 
sampled using a second sampling signal generated 
by the control unit and having a second period shorter 
than the first period. In the control unit, the steps of: 
reading the digital signal stored in the first and second 



registers; calculating a difference between the digital 
signals in the first register and second register, com- 
paring an absolute value of the difference with a pre- 
determined threshold value; and detecting the pres- 

5 ence of an article when the absolute value is larger 
than the threshold value, are carried out 

In another embodiment, the detecting step fur- 
ther comprises the step of: defining first and second 
threshold values included in the threshold value, de- 
ft? tecting the presence of an article when the absolute 
value is larger than the first threshold value, and de- 
tecting that an article is not present when the absolute 
value is smaller than the second threshold value. 
In still another embodiment, the detecting step 

is further comprises the steps of: checking whether or 
not a number of sampling times reaches a predeter- 
mined number of sampling times when the absolute 
value is smaller than the first threshold value, and re- 
turning to previous sampling steps. 

20 In still another embodiment, the detecting step 
further comprises the steps of: checking whether or 
not a number of sampling times reaches a predeter- 
mined number of sampling times when the absolute 
value is larger than the second threshold value, re- 

25 turning to a previous sampling step of the second 
sampling signal when the number of sampling times 
does not reach a predetermined number of times, and 
detecting that an article is not present when the ab- 
solute value is smaller than the second threshold val- 

30 ue or when the number of sampling times reaches a 
predetermined number of times. 

In still another embodiment, a method for detect- 
ing an article further comprises the steps of: setting 
a first and second reference voltage, detecting ambi- 

35 ent light before detecting the presence of an article; 
comparing the ambient light with a predetermined 
threshold value; and adjusting the gain of an amplifier 
in accordance with the ambient light so as to switch 
between first and second reference voltages. 

40 In still another embodiment, a method for detect- 
ing an article further comprises the steps of: calculat- 
ing a difference between a level of background re- 
flected light and a lower limitation level in an adjusting 
mode; and detecting a change in amount of light 

45 based on resultant data of the above calculation to 
eliminate the influence of the ambient light 
In the drawings: 

Fig. 1A is a view for explaining an article detection 
area and a bar code read area of a bar code read- 
so er, 

Fig. 1 B is a basic circuit of an article detection unit 
shown in Fig. 1A; 

Fig. 1C is a view for explaining an article detec- 
tion signal from a comparator shown in Fig. 1B; 
55 Fig. 2A is a basic block diagram of an article de- 

tection device according to a first embodiment of 
the present invention; 

Fig. 2B is a signal timing chart of the article de- 
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tection device shown in Fig. 2A; 
Fig. 3 is a detailed block diagram of the article de- 
tection device shown in Fig. 2A; 
Fig. 4 is a flowchart for explaining processing of 
signals in the circuit shown in Fig. 3; 5 
Figs. 5A to 5F are signal timing charts for explain- 
ing the first embodiment; 
Fig. 6A is a basic block diagram of an article de- 
tection unit according to a second embodiment of 
the present invention; 10 
Fig. 6B is a view for explaining the principle of the 
second embodiment; 

Fig. 7 is a detailed block diagram of the second 
embodiment shown in Fig. 6A; 
Fig. 8 is a diagram showing waveforms of each 1 s 
block shown in Fig. 7; 

Fig. 9 is a detailed block diagram of a third em- 
bodiment of the present invention; 
Fig. 10 is a flowchart for explaining a processing 
of signals in the circuit shown in Fig. 9; 20 
Fig. 11 is a flowchart for explaining the process- 
ing of ambient light shown in Fig. 10; and 
Fig. 12 shows the timing of selection signals of 
the-circuit shown in Fig. 9. 

Before describing the preferred embodiments, an 25 
explanation will be given of the conventional art. 

Figure 1 A is a view for explaining an article detec- 
tion area and a bar code read area of a bar code read- 
er. As shown in the drawing, the barcode reader is ba- 
sically constituted by an article detection unit and a 30 
bar code read unit. An article detection light is emitted 
from the article detection unit in the range of the ar- 
ticle detection area (slanted area) to detect the pres- 
ence of an article. The laser beam is emitted from the 
bar code read unit to read the bar code symbol of the 35 
article. The article detection area RA overlaps with 
the bar code read area SA to realize precise detection 
of the article. When the article detection unit detects 
an article in the article detection area RA, the laser 
beam source is turned on and the laser beam is emit- 40 
ted onto the bar code symbol. 

Figure 1 B is a basic circuit of the article detection 
u nit shown in Fig. 1 A. The detection light DL is emitted 
from the light emission element 1, and the light re- 
flected from the article RL is received by the light re- 45 
ception element 2 and amplified by the amplifier 6a. 
In the comparator 6b, the amplified signal is com- 
pared with the threshold level Vth and the article de- 
tection signal DS is output when the amplified signal 
is larger than the threshold level Vth. so 

Figure 1C is a view for explaining an article de- 
tection signal DS from the comparator 6b. As shown 
in the drawing, when the reflected light level RL ex- 
ceeds the threshold level Vth, the article detection 
signal DS is emitted from the comparator 6b. That is, 55 
although various detection lights are reflected from 
the article and the background, the light level reflect- 
ed from the article itself is larger than the threshold 



level Vth. 

In this case, the reflection light level RL fluctu- 
ates in accordance with a color in the background. For 
example, when the operator wears white, the reflect- 
ed light level RL becomes large. Accordingly, when 
the reflected light from the background accidentally 
exceeds the threshold level Vth as shown by dotted 
line RL', the undesired reflected light RL' is detected 
as the article detection signal. 

Figure 2A is a basic block diagram of an article 
detection device according to a first embodiment of 
the present invention. In Fig. 2A, the same reference 
numbers as used in Fig. 1Aare attached to the same 
components in this drawing. Reference number 3 de- 
notes an analog-to-digital converter, 4a and 4b regis- 
ters, and 5a control unit. Further, M1 denotes a first 
sampling signal, and M2 denotes a second sampling 
signal. The signal Sd from the A/D converter is input 
in parallel to the first register 4a and the second reg- 
ister 4b. 

The first register 4a stores the signal Sd after be- 
ing sampled using the sampling signal M1 having a 
first period T1 , and the second register 5b stores the 
signal Sd after being sampled using the sampling sig- 
nal M2 having a second period T2. The period of the 
sampling signal M2 is shorter than that of the sam- 
pling signal Ml The control unit 5 generates the first 
and second sampling signals M1 and M2 which are 
applied to the first and second registers 4a and 4b. 
Further, the control unit 5 calculates the difference 
between the data stored in the first and second reg- 
isters 4a and 4b, compares the absolute value of that 
difference with the threshold value, and detects the 
article when the absolute value exceeds the thresh- 
old value. 

Figure 2B is a signal timing chart of the device 
shown in Fig. 2A. As shown in the drawing, the period 
T2 of the sampling signal M2 is considerably shorter 
than that of the sampling signal M1. For example, the 
period T1 may be set to 5 sec, and the period T2 set 
to 2 msec. The light reflected from the background is 
detected during the period T1 of the sampling signal 
M 1 , and the light reflected from the article is detected 
during the period T2 of the sampling signal M2. Ac- 
cordingly, as explained in detail hereinafter, the arti- 
cle is detected when the absolute value of the differ- 
ence between the reflection level of the background 
and that of the article exceeds the predetermined 
threshold value. 

Figure 3 is a detailed block diagram of the article 
detection device shown in Fig. 2A. Reference number 
7 denotes a modulation unit, 8 a drive unit, 9 an alter- 
nating (AC) amplifier, and 10 a sample/hold unit. Fur- 
ther, CTLa to CTLc denote control signals generated 
from the control unit 5 to control the operation of 
these units 3, 7, and 10, C1 and C2 denote the num- 
ber of sampling times, Vth1 denotes a threshold level 
when an article is present, and Vth2 denotes a thresh- 
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old level when an article is not present These values 
of C1 , C2 and Vth1 , Vth2 are store in a storage means 
of the control unit 5. 

The modulation unit 7 generates a pulse modula- 
tion signal Sm to the drive unit 8 in response to the 5 
control signal CTLa. The drive unit 8 drives the light 
emission element 1 in response to the puise modula- 
tion signal Sm so that a pulsed detection light DL is 
emitted from the element 1. 

The reflection light RLf rom the article is received 10 
by the light reception element 2 and alternatively am- 
plified by the AC-amplif ier 9. The amplified signal Sa 
is input to the sample/hold unit 10 for sampling and 
holding the amplified signal. The control unit 5 is con- 
stituted by, for example, a microprocessor (CPU). 15 

Since the detection light DL is emitted in pulses, 
it is possible to extend the life of the element 1, and 
to reduce power consumption. 

Figure 4 is a flowchart for explaining the process- 
ing of signals in the circuit shown in Fig. 3. 20 
0 First, the CPU initializes each unit 
@ Next, the CPU resets the number of times C1 
of the sampling signal M1 to "0". Further, the dig- 
ital signal Sd is input to the first register 4a in re- 
sponse to the sampling period of the sampling 25 
signal M1. 

® The CPU sends the sampling signal M2 to the 
second register 4b. The digital signal Sd is input 
to the second register 4b in response to the per- 
iod of the sampling signal M2. 30 

Next, the CPU reads the sampling data D1 
using the sampling signal M1 from the first regis- 
ter 4a and the sampling data D2 using the sam- 
pling signal M2 from the second register 4b. Fur- 
ther, the CPU calculates the difference between 35 
the sampling data D1 and the sampling data D2 
(i.e., D1 - D2), obtains the absolute value I D1 - 
D2| of the difference, and compares the abso- 
lute value I D1 - D2 1 with the threshold value 
Vth1. 40 
® In step ®, when the absolute value I D1 - D2 1 
is not larger than the threshold value Vth1 ("NO"), 
the CPU judges that an article is not detected, 
and updates the number of times C1 of the sam- 
pling to C1 +1 . The CPU then checks whether or 45 
not the number of times C1 has reached the pre- 
determined number of times X1 . When the num- 
berof times C1 reaches X1, i.e., C1 =X1 ("YES"), 
the process returns to the step @ to start from C1 
= 0. If the number of times C1 has not reached X1 , so 
i.e., C1 * X1 ("NO"), the process returns to the 
step (3) to read the data D1. 
® In step ®, when the absolute value I D1 - D2 1 
is larger than the threshold value Vth1 ("YES"), 
the CPU judges that an article is present, and 55 
performs the processing for the case in which are 
article is present. That is, the CPU starts the bar 
code read unit to irradiate the laser beam onto the 



bar code. 

® The CPU then again reads the data D2 in the 
period T2 from the register 4b to ensure precise 
detection of the article. That is, the CPU again 
calculates the difference between the sampling 
data D1 and the sampling data D2 (i.e., D1 - D2), 
obtains the absolute value | D1 - D2 1 , and com- 
pares the absolute value | D1 - D2 1 with the 
threshold value Vth2. 

® In step 6 , when the absolute value | D1 - D2 1 
is not smaller than the threshold value Vth2 
("NO"), the CPU judges that an article may be 
present in the detection area, and updates the 
number of times C2 of the sampling to C2 +1 . The 
CPU then checks whether or not the number of 
times C2 has reached the predetermined number 
of times X2. If the number of times C2 has not 
reached X2, i.e., C2 * X2 ("NO"), the process re- 
turns to the step ® to repeat from the step ©. 
When the number of times C2 reaches X2, i.e., 
C2 = X2 ("YES"), the process proceeds to the 
step ® . In this case, the CPU judges that the ar- 
ticle is present, but it has not moved into detection 
area. 

® In step ®, when the absolute value | D1 - D2 1 
is smaller than the threshold value Vth2 ("YES"), 
and when the article is present, but it has not 
moved into the detection area, the CPU performs 
the processing for the case in which no article is 
present in the detection area. That is, the CPU re- 
sets the number of times C2 of the sampling to 
"0", and the process returns to the step ®. 
Figures 5A to 5F are signal timing charts of the 
present invention. In Fig. 5A, the ordinate denotes the 
intensity of light reflected from the background or an 
article. The article detection unit detects the reflected 
light RL1 of the background changing from intensity 
"2" to intensity "4 B , and also detects the reflected light 
RL2 of the article changing from intensity "0" to inten- 
sity "4". In this case, the change of the reflection light 
intensity RL2 of the article is quite large because the 
article is present in front of the article detection unit 
for every reading operation. 

In Figs. 5B and 5C, the period T1 of the sampling 
signal M1 is very large compared with the period T2 
of the sampling signal M2. As explained above, for ex- 
ample, the period T1 is set to 5 sec, and the period T2 
is set to 2 msec. In this case, the period T1 is used 
for sampling the light reflected from the background, 
and period T2 is used for sampling the light reflected 
from the article. 

In Figs. 5D and 5E, the data D1 denotes the sam- 
pling data stored in the register (R1) 4a based on the 
period T1 , and the data D2 denotes the sampling data 
stored in the register (R2) 4a based on the period T2. 

In Fig. 5F, this chart shows the absolute value of 
the difference between the data D1 and the data D2. 
That is, the CPU subtracts the data D2 from the data 
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D1, and obtains absolute value | D1 - D2 1 . Further, 
the absolute value I D1 - D2 1 is compared with the 
predetermined threshold value. 

Accordingly, in the present invention, since two 
different sampling periods T1 and T2 are used for de- 
tecting the background and the article and the abso- 
lute value I D1 - D2 1 is compared with the threshold 
values Vth1 and Vth2, it is possible to eliminate the 
influence of the light reflected from the background 
so that it is possible to perform precise detection of 
the article. Further, as shown in step ®, when the 
CPU judges that an article exists but does not move, 
since the CPU performs the processing for the base 
in which no article is present, it is possible to reduce 
the necessary time for detecting the article. 

The article detection unit according to the present 
invention can of course be applied to another type of 
system instead of a bar code reader. 

Figure 6A is a basic block diagram of the article 
detection unit according to a second embodiment of 
the present invention. This embodiment is advanta- 
geous for detection of an article in a case where the 
background moves. In Fig. 6A, reference number 11 
denotes a difference calculation unit, and 12 denotes 
a detection unit for detecting a change in amount of 
light. These units are provided in the article detection 
unit. Briefly, the difference calculation unit 11 sub- 
stracts a lower limitation level LL from the back- 
ground reflected light RS and obtains a difference 
value D thereof. The detection unit 12 detects the 
change in the amount of light based on the difference 
light value D as explained in detail hereinafter. 

Figure 6B is a view for explaining the principle of 
the second embodiment In Fig. 6B, the ordinate de- 
notes the output level of the light reception element, 
and the abscissa denotes the distance from the arti- 
cle to the article detection unit The line O-P-Q (dotted 
line) denotes the relationship between the output and 
the distance. As is obvious from the drawing, the out- 
put level linearly reduces in proportion to the dis- 
tance. In this case, the lower limitation level is defined 
by movement of the background as explained below. 

When the output level (i.e., reflected light level) is 
limited by the lower limitation level LL, the output light 
lowerthan the limitation level LL is not detected bythe 
article detection unit. Accordingly, the light to be de- 
tected by the article detection unit can be expressed 
by the line O'-P'-Q' (solid line). In other words, it is 
possible to consider that the distance from the article 
to the article detection unit is close to a distance L1. 
Therefore, it is possible to eliminate a light reflected 
from the background which moves in the detection 
area. 

Figure 7 is a detailed block diagram of the second 
embodiment shown in Fig. 6A, and Figure 8 is wave- 
forms of each block shown in Fig. 7. 

In Fig. 7, reference number 2a denotes an optical- 
to-electrical (O/E) converter, and 13 a high-pass 



(H/P) filter. 17a denotes a maximum sample/hold 
(S/H) circuit, 17b a minimum sample/hold circuit, 18 
and 20a differential amplifiers (DIF-AMP), 19 a sam- 
ple/hold circuit, and 22a and 22b delay circuits. The 

5 registers 21 a and 21 b correspond to the registers 4a 
and 4b in Fig. 3, and the CPU 24 corresponds to the 
control unit 5 in Fig. 3. Further, reference number 25 
denotes an adjusting circuit for the lower limitation 
level, and 26 denotes an A/D converter. 

10 The signal A amplified by the AC amplifier 14 is 
input to the maximum and minimum sample/hold cir- 
cuits 17a and 17b. The signal A is shown by the solid 
line in Fig 8, and the signals B and C are shown by 
the dotted lines in Fig. 8. The maximum sam- 

15 pling/holding operation is performed in response to a 
sample/hold signal CTL1-DLY generated from the de- 
lay circuit 22a, and the minimum sampling/holding op- 
eration is performed in response to a sample/hold sig- 
nal CTL2-DLY generated from the delay circuit 22b. 

20 Signals CTL1 and CTL2 are the sample/hold signals 
before being delayed by the delay circuits. The sig- 
nals CTL1 and CTL2 are generated from the CPU 24. 

In this case, each pulse width of the CTL1-DLY 
and the CTL2-DLY is narrower than that of the CTL1 

25 and CTL2. This is because it is necessary to use the 
flat portion of the signal A. That is, the signal CTL1- 
DLY synchronizes with the signal A, and is used for 
sampling the maximum range (flat portion) of the re- 
flection light of the signal A. Similarly, the signal 

30 CTL2-DLY synchronizes with the signal A, and is used 
for sampling the minimum range (flat portion) of the 
reflection light of the signal A. 

The differential amplifier 18 amplifies the differ- 
ence value between the signals B and C and obtains 

35 the signal D shown in Fig. 8. The sample/hold circuit 
19 outputs the signal E in response to the sample- 
mold signal CTL3 from the CPU 24. The differential 
amplifier 20a calculates the difference between the 
signal E and the lower limitation level LL, and the dif- 

40 fere nee value is converted to a digital signal by the 
A/D converter 20. 

The register 21a stores the digital signal in re- 
sponse to the sampling signal CTL4 from the CPU, 
and the register 21b stores the digital signal in re- 

45 sponse to the sampling signal CTL5 from the CPU. 
The adjusting circuit 25 is constituted by a resistor ri 
and a variable resistor r2, and is provided for adjusting 
the lower limitation level by means of the variable re- 
sistor r2. 

50 The adjustment of the lower limitation level is ex- 
plained in detail hereinafter. The lower limitation level 
LL is adjusted before the detection of the article is 
started (i.e., adjustment mode). The signal E is con- 
verted to the digital signal S1 bythe A/D converter 23 

55 and the digital signal S 1 is input to the CPU as the ad- 
justment mode. In the adjustment mode, the detec- 
tion light DL is emitted in pulses from the light emis- 
sion element 1. Next, a reference reflection face (not 



11 



EP 0 424 097 B1 



12 



shown) is provided instead of the article at the dis- 
tanceM (for example, L1 =40 cm) from the article de- 
tection unit. The reference reflection face has a refer- 
ence reflection rate (for example, 30%). The detec- 
tion light DL is reflected by the reference reflection 5 
face, and received by the light reception element 2. 
The received signal is transferred to the sample/hold 
circuit 19 through the units 13, 14, 17a, 17b, and 18. 

The digital signal S1 from the A/D converter 23 is 
displayed on a display apparatus (not shown). The 10 
lower limitation level LL is adjusted by the variable re- 
sistor r1 in reference to the display. Further, the lower 
limitation level LL is converted to a digital signal S2 
by the A/D converter 26 and displayed on the display 
apparatus. Accordingly, the operator adjusts the va- 15 
riable resistor r1 (signal S2) so as to coincide with the 
digital signal S1 of the A/D converter 23. The adjusted 
lower limitation level LL indicates the reflected light 
level from the background. 

Figure 9 is a detailed block diagram of a third em- to 
bodiment of the present invention. The same refer- 
ence numbers as used in Fig. 7 are attached to the 
same components in this drawing. This embodiment 
is provided as a countermeasure for ambient light, for 
example, fluorescent light and sunlight existing in the 25 
article detection area. When this ambient light is 
strong, the light reflected from the article is disturbed 
so that it is not possible to precisely detect the article. 

In Fig. 9, AS1 to AS5 denote analog switches, and 
27 denotes a reference voltage generation circuit. 30 
Further, Vref 1 and Vref2 denote first and second ref- 
erence voltages, and IV an inverter. The analog 
switch AS1 is provided for adjusting the gain of the 
amplifier (AMP) 2a by switching between the resistor 
r1 and the resistor r2. This switching operation is per- 35 
formed by a selection signal CTL8 from the CPU 24 
in response to the intensity of the ambient light The 
output of the amplifier 2a is input to the analog switch 
AS2 shown by a symbol 0 , as well as to Filter 13. 
The high-pass H/P filter 1 3 is provided for cutting the 40 
DC components or low frequency components con- 
tained in the ambient light. 

The analog switch AS2 is switched by a selection 
signal CTL9 after being inverted by the inverter IV. 
The output of the amplifier 2a is input to the A/D con- 45 
verier 20 through the analog switch AS2. The analog 
switch AS3 is switched by the selection signal CTL9 
and the signal E is input to the A/D converter 20 
through the analog switch AS3. 

Figure 10 is a flowchart for explaining the proc- so 
essing of signals in the circuit shown in Fig. 9. This 
flowchart is the same as shown in Fig. 4 exceptfor the 
step ®. Accordingly, an explanation is given of the 
step ©, and explanation of other steps is omitted. In 
step ® , the CPU resets the number of times C1 of the 55 
sampling signal M1 to "0". Next the CPU performs 
the processing of the ambient light as explained in de- 
tail in Fig. 11, and performs the selection of the gain 



of the amplifier 2a and the selection of the reference 
voltage of the A/D converter 20. Further, the digital 
signal from the A/D converter 20 is input to the first 
register 21 a in response to the sampling signal CTL4. 

Figure 11 is a flowchart for explaining the proc- 
essing of the ambient light shown in Fig. 10, and Fig- 
ure 12 is a timing of selection signals. The operation 
is explained in detail with reference to Figs. 9, 11 and 
12. 

(1) The CPU 24 turns off the selection signal 
CTL9 which is input to the analog switches AS2 
and AS3. Accordingly, the analog switch AS3 is 
turned off, but the analog switch AS2 is turned on 
because the selection signal CTL9 is inverted by 
the inverter IV. Accordingly, the output of the am- 
plifier 2a is input to the A/D converter 20. During 
this time, the detection light DL is not emitted 
from the light emission element 1. Accordingly, 
the light reception element 2 receives only ambi- 
ent light from the background. This ambient light 
is input to the A/D converter 20 through the ana- 
log switch AS2 (through the symbol ®), and con- 
verted to the digital signal S3 thereby. 

(2) Next the CPU 24 turns on the selection signal 
CTL6, and turns off the selection signal CTL7. 
Based on the selection signals CTL6 and CTL7, 
the analog switch AS4 is turned on and the ana- 
log switch ASS is turned off. Accordingly, the ref- 
erence voltage Vrefl having high voltage is ap- 
plied to the A/D converter 20. AT the same time, 
the CPU 24 turns off the selection signal CTL8 so 
as to turn off the analog switch AS1. Since the re- 
sistor r2 is cut off from a feedback loop of the am- 
plifier the gain of the amplifier 2a is increased be- 
cause only resistor r1 exists in the feedback loop. 

(3) In above situation, the CPU 24 reads the sam- 
pling signal S3, which indicates the intensity of 
the ambient light from the A/D converter 20. Fur- 
ther, the CPU compares the sampling signal S3 
with a threshold value Vth3 of the ambient light. 

(4) When the sampling signal S3 exceeds the 
threshold value Vth3 ("YES"), it is possible to con- 
sider that the intensity of the ambient light is larg- 
er than the threshold value Vth3. Accordingly, the 
CPU 24 turns off the selection signal CTL6, and 
turns on the selection signal CTL7 as shown by 
dotted line in Fig. 12. Accordingly, the high refer- 
ence voltage Vrefl is cut off by the analog switch 
AS4, and the low reference voltage Vref2 is ap- 
plied to the A/D converter 20 through the analog 
switch AS5. Further, the CPU 24 turns on the se- 
lection signal CTL8 as shown by dotted line in 
Fig. 12 so as to turn on the analog switch AS1. 
Since the resistors r1 and r2 are connected in the 
feedback loop of the amplifier, the gain of the am- 
plifier is decreased by these resistors. 

(5) When the sampling signal S3 does not exceed 
the threshold value Vth3 ("NO"), the state of the 
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selection signals CTL6 to CTL9 is maintained as 
shown by the solid lines in Fig. 1 2. That is, the am- 
plifier 2a is set to a high gain state, and the ref- 
erence voltage is set to the high reference voltage 
side. Further, the CPU turns on the selection sig- 5 
nal CTL9 when the sampling signal S3 does not 
exceed the threshold value Vth3, or when the am- 
plifier is set to the low gain. When the selection 
signal CTL9 is turned on, the analog switch AS2 
is turned off and the analog switch AS3 is turned 10 
on. Accordingly, the sample/hold circuit (S/H) 19 
is connected to the AID converter 20 through the 
analog switch AS3. 

15 

Claims 

1 . A device for detecting the presence of an article, 
comprising: 

light emission means (1) for emitting de- 20 
tection light (DL) for irradiation onto an article; 
and 



light reception means (2) for receiving re- 
flected light (RL) from the article; characterised 
by: 

an analog-to-digital {AID) converter (3) for 
converting the reflected light (RL) to a digital sig- 
nal (Sd); 

a first register (4a) for storing the digital 
signal (Sd) after being sampled using a first sam- 
pling signal (M1) having a first period (T1); 

a second register (4b) for storing the digital 
signal (Sd) after being sampled using a second 
sampling signal (M2) having a second period (T2) 
shorter than the first period (T1); and 

control means (5) for generating the first 
and second sampling signals (M1, M2) to be sent 
to the first and second registers (4a, 4b), reading 
the digital signal stored in the first and second 
registers (4a, 4b), calculating a difference be- 
tween the digital signals in the first register (4a) 
and second register (4b), comparing an absolute 
value of the difference with a predetermined 
threshold value (Vth), and detecting the presence 
of an article when the absolute value is larger 
than the threshold value (Vth). 

2. An article detection device as claimed in ciai m 1 , 
further comprising: an AC-amplif ier (9) connect- 
ed to the light reception means (2) for amplifying 
the reflected light (RL); a sample/hold means (10) 
connected between the AC-amplif ier (9) and the 
AID converter (3) for sampling and holding an al- 
ternating signal amplified by the AC-amplifier 
(9); and modulation means (7) for generating a 
pulse modulation signal (Sm) to a drive unit (8) 
which pulse-drives the light emission means (1); 
wherein the control means (5) further generates 



control signals (CTLa, CTLb, CTLc) to be sent to 
the modulation means (7), the sample/hold 
means (10), and the A/D converter (3) to control 
operation of these means (3, 7, 10). 

3. An article detection device as claimed in claim 1 , 
wherein the control means (5) comprises a stor- 
age means for storing number of sampling times 
(C1, C2) for the first and second sampling signals 
(M1 t M2), and storing the threshold value (Vth) 
comprised of a first and second threshold values 
(Vth1,Vth2). 

4. An article detection device as claimed in claim 2, 
wherein the sample/hold means (10) comprises a 
maximum sample/hold circuit (17a) for sampling 
and holding a maximum value of the alternating 
signal, minimum sample/hold circuit (17b) for 
sampling and holding a minimum value of the al- 
ternating signal, and a differential amplifier (18) 
for amplifying a difference between outputs of 
the maximum sample/hold circuit (17a) and the 
minimum sample/hold circuit (17b). 

25 5. An article detection device as claimed in claim 4, 
wherein the sample/hold means (10) further com- 
prises a first delay means (22a) for delaying a 
first sampling signal (CTL1), and a second delay 
means (22b) for delaying a second sampling sig- 

30 nal (CTL2), the first sampling signal (CTL1 ) being 
input to the maximum sample/hold circuit (17a), 
and the second sampling signal (CTL2) being in- 
put to the minimum sample/hold circuit (17b). 

35 6. An article detection device as claimed in claim 1 , 
further comprising: difference calculation means 
(11) having a differential amplifier (20a) for cal- 
culating a difference between a level of back- 
ground reflected light and a lower limitation level, 

40 the background reflected light being detected 
from the background of an article, and the lower 
limitation level being adjusted in accordance with 
the intensity of the background reflected light in 
an adjusting mode; and detection means (12) for 

45 detecting a change in the amount of light based 
on resultant data from the above calculation to 
eliminate the influence of the background reflect- 
ed light 

50 7. An article detection device as claimed in claim 6, 
wherein the intensity of the background reflection 
light is determined by a reference reflection sur- 
face having a predetermined reflection rate. 

55 8. An article detection device as claimed in claim 6, 
wherein the detection means comprises a sam- 
ple/hold circuit (19) for sampling and holding an 
output of the differential amplifier (18), an adjust- 
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ing circuit (25) for adjusting a lower limitation lev- 
el (LL), a f irst A/D converter (20) for converting an 
output of the differential amplifier (20a) to a dig- 
ital value, a second A/D converter (23) for con- 
verting the output of the sample/hold circuit (19) 
to a digital value, and a third A/D converter (26) 
for converting the output of the adjusting circuit 
(25) to a digital value. 



16. A method for detecting an article as claimed in 
claim 12, further comprising the steps of: setting 
a first and second reference voltage (Vrefl, 
Vref2), detecting ambient light before detecting 
the presence of an article; comparing the ambient 
light with a predetermined threshold value; and 
adjusting the gain of an amplifier (2a) in accor- 



9. An article detection device as claimed in claim 1 , 10 
further comprising an adjusting means for adjust- 
ing the gain of an amplifier (2a) connected to the 
light reception element (2), and a reference vol- 
tage generation means (27) for generating a first 

and second reference voltages (Vrefl, Vref2) to 15 
be supplied to the amplifier (2a), wherein the ad- 
justment of the gain of the amplifier (2a) is per- 
formed in such a way that, when ambient light 
does not exceed a predetermined threshold level, 
the first reference voltage (Vrefl ) is selected and 20 
the gain is adjusted to a high level state, and 
when the ambient light exceeds a predetermined 
threshold level, the second reference voltage 
(Vref2) is selected and the gain is adjusted to a 
low level state. 25 

10. An article detection device as claimed in claim 9, 
wherein the adjusting means comprises a plural- 
ity of analog switches (AS1 to AS5), a first analog 
switch (AS1) being used for switching the gain be- 30 
tween the high level state and the low level state, 
analog switches (AS2, AS3) being used for 
switching the detection light between the ambient 
light and the light reflected from an article, and 
analog switches (AS4, ASS) being used for 35 
switching the reference voltage between the first 

and the second reference voltages (Vrefl , Vref2), 
further, switching of these analog switches being 
performed by selection signals (CTL6 to CTL9) 
generated from the control means (24). 40 

11. An article detection device as claimed in claim 1 , 
3 or 10, wherein the control means (5, 24) com- 
prises a microprocessor (CPU). 

45 

1 2. A method for detecting the presence of an article, 
comprising the steps of: 

emitting detection light (DL) for irradiation 
onto an article; and 

receiving reflected light (RL) from the arti- so 
cle; and characterised by the further steps of : 

converting the reflection light (RL) to a dig- 
ital signal (Sd); 

storing the digital signal (Sd) in a first reg- 
ister (4a) after being sampled using a first sam- 55 
pling signal (M1) generated by control means (5) 
and having a first period (T1); and 

storing the digital signal (Sd) in a second 



register (4b) after being sampled using a second 
sampling signal (M2) generated by the control 
means (5) and having a second period (T2) short- 
er than the first period (T1); 
in the control means (5): 

reading the digital signal stored in 
the first and second registers (4a, 4b); 

calculating a difference between 
the digital signals in the first register (4a) and sec- 
ond register (4b); 

comparing an absolute value of the 
difference with a predetermined threshold value 
(Vth); and 

detecting the presence of an article 
when the absolute value is larger than the thresh- 
old value (Vth). 

13. A method for detecting an article as claimed in 
claim 12, wherein the detecting step further com- 
prises the steps of: defining a first and second 
threshold values (Vth1, Vth2) included in the 
threshold value (Vth), detecting the presence of 
an article when the absolute value is larger than 
the first threshold value (Vth1 ), and detecting that 
an article is not present when the absolute value 
is smaller than the second threshold value (Vth2). 

14. A method for detecting an article as claimed in 
claim 13, wherein the detecting step further com- 
prises the steps of: checking whether or not a 
number of sampling times (C1 ) reaches a prede- 
termined number of times (X1) when the absolute 
value is smaller than the first threshold value 
(Vth1), and returning to previous sampling steps. 

15. A method for detecting an article as claimed in 
claim 13, wherein thedetecting step further com- 
prises the steps of: checking whether or not a 
number of sampling times (C2) reaches a prede- 
termined number of times (X2) when the absolute 
value is larger than the second threshold value 
(Vth2), returning to the previous sampling step of 
the second sampling signal (M2) when the num- 
ber of times (C2) of sampling does not reach a 
predetermined number of times (X2), and detect- 
ing that an article is not present when the abso- 
lute value is smaller than the second threshold 
value (Vth2) or when the number of sampling 
times (C2) reaches a predetermined number of 
times (X2). 
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dance with the ambient light so as to switch be- 
tween a first and second reference voltages. 

17. A method for detecting an article as claimed in 
claim 12, further comprising the steps of: calcu- s 
lating a difference between a level of background 
reflected lightand a lower limitation level in an ad- 
justing mode; and detecting a change in amount 
of light based on resultant data from the above 
calculation to eliminate the influence of the back- 10 
ground reflected light. 
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1. Vorrichtung zum Detektieren des Vorhanden- 
seins eines Artikels mit: 

einer Lichtemissionseinrichtung (1) zum 
Emittieren von Detektionslicht (DL), urn dieses 
auf einen Artikel aufzustrahlen, und 20 

einer Lichtempfangseinheit (2) zum Emp- 
fangen des Reflexionslichtes (RL) von dem Arti- 
kel, gekennzeichnet durch: 

einen Analog-Digital-(A/D)-Umsetzer (3) 
zum Umsetzen des Reflexionslichtes (RL) in ein 25 
digitales Signal (Sd), 

ein erstes Register (4a) zum Speichern des 
digitalen Signals (Sd), nachdem es gesampelt wur- 
de, wobei ein erstes Samplingsignal (M1) mit einer 
ersten Periode (T1 ) verwendet wird, 30 

ein zweites Register (4b) zum Speichern 
des digitalen Signals (Sd), nachdem es gesampelt 
wurde, wobei ein zweites Samplingsignal (M2) mit 
einer zweiten Periode (T2) verwendet wird, die 
kurzer ist als die erste Periode (T1 ), und 35 

durch eine Steuereinrichtung (5) zum Erzeu- 
gen des ersten und des zweiten Samplingsignals 
(M1 , M2), die zu dem ersten und dem zweiten Re- 
gister (4a, 4b) zu senden sind, urn das in dem er- 
sten und dem zweiten Register (4a, 4b) gespei- 40 
cherte digitate Signal zu lesen, eine Differenz 
zwischen den digitalen Signalen in dem ersten 
Register (4a) und dem zweiten Register (4b) zu 
berechnen, einen Absolutwert der Differenz mit 
einem vorbestimmten Schwellenwert (Vth) zu 45 
vergleichen und urn das Vorhandensein eines Ar- 
tikels zu detektieren, wenn der Absolutwert gro- 
Ber ist als ein Schwellenwert (Vth). 

2. Artikel-Detektionsvorrichtung nach Anspruch 1, 50 
die ferner enthalt: einen WechselstromverstSrker 

(9), der an die Lichtempfengseinrichtung (2) an- 
geschiossen ist, urn das Reflexionslicht (RL) zu 
verstarken, eine Sample-/Halteeinrichtung (10), 
die zwischen den Wechselstromverstarker (9) 55 
und den A/D-Umsetzer (3) geschaltet ist, urn ein 
alternierendes Signal zu sampeln und zu spei- 
chern, welches durch den WechselstromverstSr- 

10 



ker (9) verstarkt wurde, und eine Modulationsein- 
richtung (7) zum Erzeugen eines Impulsmodula- 
tionssignals (Sm), fur eine Treibereinheit (8), die 
die Lichtemissionseinrichtung (1) impulsmaSg 
treibt, wobei die Steuereinrichtung (5) Steuersigna- 
le (CTLa, CTLb, CTLc) erzeugt, die zu der Modula- 
tionseinrichtung (7), der Sample-/Halteeinrichtung 
(10) und dem A/D-Umsetzer (3) zu senden sind, 
urn den Betrieb dieser Einrichtungen (3, 7, 10) zu 
steuern. 

3. Artikel-Detektionsvorrichtung nach Anspruch 1, 
bei der die Steuereinrichtung (5) eine Speichere- 
inrichtung enthdlt, urn die Zahl von Malen von 
Samplingvorglngen (C1, C2) fur das erste und 
das zweite Samplingsignal (M1, M2) zu spei- 
chern, und urn den Schwellenwert (Vth) zu spei- 
chern, der aus einem ersten und einem zweiten 
Schwellenwert (Vth1, Vth2) besteht. 

4. Artikel-Detektionsvorrichtung nach Anspruch 2, 
bei der die Sample-/Halteeinrichtung (10) eine 
Maximum-Sample-/Halteschaltung (1 7a) unv 
fafit, urn einen Maximalwert des alternierenden 
Signals zu sampeln und zu speichern, eine Mini- 
mum-Sample-/Halteschaltung (17b) umfaBt, urn 
einen Minimalwert des alternierenden Signals zu 
sampeln und zu speichern, und einen Differenz- 
verstfirker (18) umfaat, urn eine Differenz zwi- 
schen den Ausgangsgroaen der Maximum-Sam- 
ple-/Halteschaltung (17a) und der Minimum- 
Sam ple-/Halteschaltung (17b) zu verstarken. 

5. Artikel-Detekttonsvorrichtung nach Anspruch 4, 
bei der die Sample-/Halteeinrichtung (10) ferner 
eine erste VerzSgerungseinrichtung (22a) zum 
Verzogern eines ersten Samplingsignals (CTL1) 
enthalt, und eine zweite Verzogerungseinrich- 
tung (22b) zum Verzogern eines zweiten 
Samplingsignals (CTL2) umfaat, wobei das er- 
ste Samplingsignal (CTL1) in die Maximum- 
Sample-/Halteschaltung (17a) eingegeben wird 
und das zweite Samplingsignal (CTL2) in die Mi- 
nimum-Sample-/Halteschaltung (17b) eingege- 
ben wird. 

6. Artikel-Detektionsvorrichtung nach Anspruch 1, 
die ferner enthalt eine Differenzberechnungs- 
einrichtung (11) mit einem Differenzverstarker 
(20a) zum Berechnen einer Differenz zwischen 
einem Wert des vom Hintergrund reflektierten 
Lichtes und einem unteren Grenzwert, wobei das 
vom Hintergrund reflektierte Licht von dem Hin- 
tergrund eines Artikels detektiert wird und wobei 
der untere Grenzwert entsprechend der Intensi- 
ty des vom Hintergrund reflektierten Lichts in ei- 
ner Einstellbetriebsart eingestellt wird, und eine 
Detektionseinrichtung (12) zum Detektieren ei- 
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ner Anderung in der Lichtmenge auf der Grund- 
lage von sich aus der obigen Berechnung erge- 
benden Resultatdaten, urn den EinfluR des vom 
Hintergrund reflektierten Lichtes zu beseitigen. 

5 

7. Artikel-Detektionsvorrichtung nach Anspruch 6, 
bei der die Intensities vom Hintergrund reflek- 
tierten Lichtes mit Hilfe einer Bezugsreflexions- 
oberflache miteinem vorbestimmten Reflexions- 
grad bestimmt wird. 10 

8. Artikel-Detektionsvorrichtung nach Anspruch 
6, bei der die Detektionseinrichtung eine 
Sample-/Halteschaltung (19) umfa&t, um eine 
Ausgangsgrd&e des Differenzverstfirkers (1 8) zu 1 5 
sampeln und zu speichern, eine Einstellschal- 
tung (25) umfa&t, um einen unteren Grenzwert 

(LL) einzustellen, einen ersten A/D-Umsetzer 
(20) zum Umsetzen einer Ausgangsgro&e des Dif- 
ferenzverstarkers (20a) in einen digitalen Wert, ei- 20 
nen zweiten A/D-Umsetzer (23) zum Umsetzen der 
Ausgangsgro&e der Sample-/Halteschaltung (19) 
in einen digitalen Wert, und einen dritten A/D-Um- 
setzer (26) zum Umsetzen der Ausgangsgro&e 
der Einstellschaltung (25) in einen digitalen Wert. 25 

9. Artjkel-Detektionsvorrichtung nach Anspruch 1, 
die ferner enthalt eine Einstelleinrichtung zum 
Einstellen der Verstarkung eines VerstSrkers 
(2a), der an das Lichtempfangsetement (2) ange- 30 
schlossen ist, und eine eine Bezugsspannung er- 
zeugende Einrichtung (27) zum Erzeugen einer 
ersten und einer zweiten Bezugsspannung 
(Vref 1 , Vref2), die an den Verstarker (2a) anzule- 

gen sind, wobei die Einstellung der Verstarkung 35 
des Verstirkers (2a) auf solche Weise durchge- 
fuhrt wird, da& dann, wenn das Umgebungsiicht 
einen vorbestimmten Schwellenwert nicht uber- 
schreitet, die erste Bezugsspannung (Vrefl) aus- 
gewahlt wird und die Verstarkung auf einen Zu- 40 
stand gema& einem hohen Wert eingestellt wird, 
und wenn das Umgebungsiicht einen vorbe- 
stimmten Schwellenwert uberschreitet, die zwei- 
te Bezugsspannung (Vref2) ausgewfihlt wird und 
die Verstarkung auf einen Zustand gemafc einem 45 
niedrigen Wert eingestellt wird. 

10. Artikel-Detektionsvorrichtung nach Anspruch 9, 
bei der die Einstelleinrichtung eine Vielzahl von 
Analogschaltern (AS1 bis AS5) umfa&t, wobei ein 50 
erster Analogschalter (AS1) dazu verwendet 
wird, um die Verstarkung zwischen dem Zustand 
gema& dem hohen Wert und dem Zustand ge- 
ma& dem niedrigen Wert umzuschalten, die Ana- 
logschalter (AS2, AS3) dazu verwendet werden, 55 
um das Detektionslicht zwischen dem Umge- 
bungsiicht und dem vom Artikel reflektierten 
Licht umzuschalten, und Analogschalter (AS4, 
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AS5) dazu verwendet werden, um die Bezugs- 
spannung zwischen der ersten und der zweiten 
Bezugsspannung (Vrefl, Vref2) umzuschalten, 
wobei ferner das Umschalten dieser Analog- 
schalter durch Wahlsignale (CTL6 bis CTL9) 
durchgefuhrt wird, die durch die Steuereinrich- 
tung (24) erzeugt werden. 

11. Artikel-Detekttonsvomchtung nach Anspruch 1, 
3 oder 10, bei der die Steuereinrichtung (5, 24) ei- 
nen Mikroprozessor (CPU) umfa&t 

12. Verfahren zum Detektieren des Vorhandenseins 
eines Artikels, mit den folgenden Schritte: 

Emittieren von Detektionslicht (DL), um 
dieses auf einen Artikel aufzustrahlen, und 

Empfangen von Reflexionslicht (RL) von 
dem Artikel, gekennzeichnet durch die folgen- 
den weiteren Schritte: 

Umsetzen des Reflexionslichtes (RL) in 
ein digrtales Signal (Sd), 

Speichern des digitalen Signals (Sd) in ei- 
nem ersten Register (4a), nachdem es gesampelt 
wurde, wobei ein erstes Samplingsignal (M1) ver- 
wendet wird, welches durch die Steuereinrich- 
tung (5) erzeugt wurde und eine erste Periode 
(T1) besitzt, und 

Speichern des digitalen Signals (Sd) in ei- 
nem zweiten Register (4b), nachdem es gesampelt 
wurde, wobei ein zwettes Samplingsignal (M2) ver- 
wendet wird, welches von der Steuereinrichtung (5) 
erzeugt wurde und eine zweite Periode (T2) be- 
sitzt, die kurzer ist als die erste Periode (T1), 

wobei in der Steuereinrichtung (5) folgen- 
de Schritte durchgefuhrt werden: 

Lesen des digitalen Signals, welches in 
dem ersten und dem zweiten Register (4a, 4b) 
gespeichert ist, 

Berechnen einer Differenz zwischen den 
digitalen Signalen in dem ersten Register (4a) 
und dem zweiten Register (4b), 

Vergleichen eines Absolutwertes der Dif- 
ferenz mit einem vorbestimmten Schwellenwert 
(Vth) und 

Detektieren des Vorhandenseins eines Ar- 
tikels, wenn der Absolutwert gro&er ist als der 
Schwellenwert (Vth). 

13. Verfahren zum Detektieren eines Artikels nach 
Anspruch 12, wonach der Detektionsschritt fer- 
ner die folgenden Schritte umfa&t: Def inieren ei- 
nes ersten und zweiten Schwellenwertes (Vth1, 
Vth2), die in dem Schwellenwert (Vth) enthalten 
sind, Detektieren des Vorhandenseins eines Ar- 
ti kels, wenn der Absolutwert gro&er ist als der er- 
ste Schwellenwert (Vth1) und Detektieren, da& 
ein Artikel nicht vorhanden ist, wenn der Absolut- 
wert kleiner ist als der zweite Schwellenwert 
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(Vth2). 

14. Verfahren zum Detektieren eines Artikels nach 
Anspruch 13, wonach der Detektionsschritt fer- 

ner die folgenden Schritte umfa&t: Prufen, ob ei- 5 
ne Zahl von Malen (C1) von Samplingvorgangen 
eine vorbestimmte Zahl von Malen (X1) erreicht 
Oder nicht, wenn der Absolutwert kleiner ist aJs 
der erste Schwellenwert (Vth1), und RQckkehren 
zu den fruheren Samplingschritten. 10 

15. Verfahren zum Detektieren eines Artikels nach 
Anspruch 13, wonach der Detektionsschritt ferner 
die Schritte umfa&t Prufen, ob eine Anzahl von Ma- 
len (C2) von Samplingvorgangen eine vorbestimm- 1 s 
te Zahl von Malen von Samplingvorgangen (X2) er- 
reicht Oder nicht, wenn der Absolutwert grd&er ist 

als der zweite Schwellenwert (Vth2), RQckkehren 
zu dem fruheren Samplingschritt des zweiten 
Samplingsignals (M2), wenn die Zahl von Malen 20 
(C2) von SamplingvorgSngen eine vorbestimmte 
Zahl von Malen (X2) nicht erreicht, und Detektie- 
ren, da& ein Artikel nicht vorhanden ist, wenn der 
Absolutwert kleiner ist als der zweite Schwellen- 
wert (Vth2) Oder wenn die Zahl von Malen (C2) 25 
von Samplingvorgangen eine vorbestimmte Zahl 
von Malen (X2) erreicht. 

16. Verfahren zum Detektieren eines Artikels nach 
Anspruch 12, welches ferner die folgenden 30 
Schritte umfa&t: Setzen einer ersten und einer 
zweiten Bezugsspannung (Vrefl, Vref2), Detek- 
tieren des Umgebungslichtes vor dem Detektie- 
ren des Vorhandenseins eines Artikels, Verglei- 
chen des Umgebungslichtes mit einem vorbe- 35 
stimmten Schwellenwert und Einstellen der Ver- 
starkung eines VerstSrkers (2a) in Einklang mit 
dem Umgebungslicht, urn zwischen einer ersten 

und der zweiten Bezugsspannung umzuschalten. 

40 

17. Verfahren zum Detektieren eines Artikels nach 
Anspruch 12, welches ferner die folgenden 
Schritte umfa&t: Berechnen einer Differenz zwi- 
schen einem Wert des vom Hintergrund ref lek- 
tierten Lichtes und einem unteren Grenzwert in 45 
einer Einstellbetriebsart und Detektieren einer 
Anderung des Umgebungslichtes auf der Grund- 
lage der aus der obigen Berechnung erhaltenen 
Resuitatdaten, urn den EinfluB des vom Hinter- 
grund ref lektierten Lichtes zu beseitigen. 50 



Revendlcations 

1. Dispositif pour detecter la presence d'un article 55 
comprenant : 

un dispositif d'emission de lumiere (1) 
pouremettre de la lumiere de detection (DL) pour 
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une irradiation sur un article ; et 

un dispositif de reception de lumiere (2) 
pour recevoir de la lumiere ref lechie (RL) par Par- 
ticle ; 

caracterise par : 

un convertisseur analogique numerique 
(A/D) (3) pour convertir la lumiere ref lechie (RL) 
en un signal numerique (Sd) ; 

un premier registre (4a) pour stacker le si- 
gnal numerique (Sd) apres qu'il ait ete echantil- 
lonne en utilisant un premier signal d'echantillon- 
nage (M1) ayant une premiere p6riode (T1) ; 

un second registre (4b) pour stacker le si- 
gnal numerique (Sd) apres qu'il ait ete echantil- 
lonne en utilisant un second signal d'echanttllon- 
nage (M2) ayant une seconde periode (T2) plus 
courte que la premiere periode (T1) ; et 

un dispositif de commande (5) pour gen6- 
rer les premier et second signaux d'echantillon- 
nage (M1, M2) a envoyer aux premier et second 
registres (4a, 4b), pour lire le signal numerique 
stocke dans les premier second registres (4a, 
4b), pour calculer une difference entre les si- 
gnaux numeriques dans le premier registre (4a) 
et le second registre (4b), pour comparer une va- 
lour absolue de la difference avec une vaieur de 
seuil predetermine* (Vth), et pour detecter la pre- 
sence d'un article lorsque la vaieur absolue est 
plus grande que la vaieur de seuil (Vth). 

2. Dispositif de detection d'article selon la revendi- 
cation 1 , comprenant de plus : un amplif icateur a 
courant alternatif (9) relie au dispositif de recep- 
tion de lumiere (2) pour amplifier la lumiere ref le- 
chie (RL) ; un dispositif d'echantillonnage et de 
maintien (10) relie entre I'amplif icateur a courant 
alternatif (9) et le convertisseur A/D (3) pour 
echantillonner et maintenir un signal alternatif 
amplifie par I'ampl if icateur a courant alternatif 
(9) ; et un dispositif de modulation (7) pourgene- 
rer un signal de modulation d'impulsion (Sm) 
pour une unite de commande (8) qui commande 
par impulsion le dispositif d'emission de lumiere 
(1) ; dans lequel le dispositif de commande (5) 
genere en outre des signaux de commande 
(CTLa, CTLb, CTLc) a envoyer au dispositif de 
modulation (7), au dispositif d'echantillonnage et 
de maintien (1 0), etau convertisseur A/D (3) pour 
commander le fonctbnnement de ces dispositifs 
(3.7,10). 

3. Dispositif de detection d'article selon la revendi- 
cation 1, dans lequel le dispositif de commande 
(5) comprend un dispositif de stockage pour 
stacker un nombre de fois d'echantillonnage (C1 , 
C2) pour les premier et second signaux d'echan- 
tillonnage (M1 , M2), et pour stacker la vaieur de 
seuil (Vth) composed des premiere et seconde 
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valeurs de seuil (Vth1 f Vth2). 

4. Dispositif de detection d'article selon la revendi- 
cation 2, dans lequei le dispositif d'echanti Hon na- 

ge et de maintien (10) comprend un circuit 5 
d'echantillonnage et de maintien maximum (17a) 
pour echantillonner et maintenir une valeur maxi- 
mum du signal alternatif, un circuit d'echantillon- 
nage et de maintien minimum (17b) pour echan- 
tillonner et maintenir une valeur minimum du si- 10 
gnal alternatif et un amplif icateur differential (18) 
pour amplifier une difference entre des sorties 
du circuit d'echantillonnage et de maintien maxi- 
mum (17a) et du circuit d'echantillonnage et de 
maintien minimum (1 7b). 1 s 

5. Dispositif de detection d'article selon la revendi- 
cation 4, dans lequei le dispositif d'echantillonna- 
ge et de maintien (1 0) comprend en outre un pre- 
mier dispositif a retard (22a) pour retarder un pre- 20 
mier signal d'echantillonnage (CTL1) et un se- 
cond dispositif a retard (22b) pour retarder un se- 
cond signal d'echantillonnage (CTL2), le premier 
signal d'echantillonnage (CTL1) etant applique 

au circuit d'echantillonnage et de maintien maxi- 25 
mum (17a), et le second signal d'echantillonnage 
(CTL2) etant applique au circuit d'echantillonna- 
ge et de maintien minimum (17b). 

6. Dispositif de detection d'article selon la revendi- 30 
cation 1, comprenant en outre : un dispositif de 
calcul de difference (11) ayant un amplificateur 
differentiel (20a) pour calculer une difference en- 
tre un niveau de lumiere reflechie d'arriere plan 

et un niveau de limitation inferieur, la lumiere re- 35 
flechie d'arriere plan etant detectee de I'arriere 
plan d'un article, et le niveau de limitation infe- 
rieur etant regie en fonction de I'intensite de la lu- 
miere reflechie d'arriere plan en mode de regla- 
ge ; et un dispositif de detection (12) pour detec- 40 
ter une variation de quantite de lumiere en fonc- 
tion des donnees resultant du calcul ci-dessus 
pour eliminer I'influence de la lumiere reflechie 
ambiante. 

45 

7. Dispositif de detection d'article selon la revendi- 
cation 6, dans lequei I'intensite de la lumiere re- 
flechie d'arriere plan est determinee par une sur- 
face de reflexion de reference ayant un taux de 
reflexion predetermine. 50 

8. Dispositif de detection d'article selon la revendi- 
cation 6, dans lequei le dispositif de detection 
comprend un circuit d'echantillonnage et de 
maintien (19) pour echantillonner et maintenir 55 
une sortie de I'amplif icateur differentiel (18), un 
circuit de reglage (25) pour regler un niveau de li- 
mitation inferieur (LL), un premier convertisseur 



A/D (20) pour convertir une sortie de I'amplif ica- 
teur differentiel (20a) en une valeur numerique, 
un second convertisseur A/D (23) pour convertir 
la sortie du circuit d'echantillonnage et de main- 
tien (1 9) en une valeur numerique, et un troisieme 
convertisseur A/D (26) pour convertir la sortie du 
circuit de reglage (25) en une valeur numerique. 

9. Dispositif de detection d'article selon la revendi- 
cation 1 , comprenant en outre un dispositif de re- 
glage pour regler le gain d'un amplificateur (2a) 
relie a I'element de reception de lumiere (2) et un 
dispositif de generation de tension de reference 
(27) pour generer des premiere et seconde ten- 
sions de reference (Vrefl, Vref2) a appliquer a 
('amplificateur (2a), dans lequei le reglage du 
gain de ram pi if icateur (2a) est realise de telle 
sorte que, lorsque la lumiere ambiante ne depas- 
se pas un niveau de seuil predetermine, la pre- 
miere tension de reference (Vrefl) est selection- 
nee et le gain est regie a un etat de niveau haut, 
etlorsque la lumiere ambiante depasse un niveau 
de seuil predetermine, la seconde tension de re- 
ference (Vref2) est s6lectionn6e et le gain est re- 
gie a un etat de niveau bas. 

10. Dispositif de detection d'article selon la revendi- 
cation 9, dans lequei le dispositif de reglage 
comprend une pluraiite de commutateurs analo- 
giques (AS1 a AS5), un premier commutateur 
analogique (AS1) etant utilise pour commuter le 
gain entre I'etat de niveau haut et I'etat de niveau 
bas, des commutateurs analogiques (AS 2, AS3) 
etant utilises pour commuter entre la lumiere de 
detection entre la lumiere ambiante et la lumiere 
reflechie par un article et des commutateurs ana- 
logiques (AS4, AS5) etant utilises pour commuter 
la tension de reference entre les premiere et se- 
conde tensions de reference (Vrefl, Vref2), en 
outre la commutation de ces commutateurs ana- 
logiques etant r6alis6e par des signaux de selec- 
tion (CTL6 a CTL9) g6n6res par le dispositif de 
commando (24). 

11. Dispositif de detection d'article selon la revendi- 
cation 1, 3, ou 10, dans lequei le dispositif de 
commande (5, 24) comprend un microprocesseur 
(CPU). 

12. Procede de detection de la presence d'un article 
comprenant les etapes de : 

emission de lumiere de detection (DL) 
pour une irradiation sur un article ; et 

reception de la lumiere reflechie (RL) par 
I'article ; et caracterise par les autres etapes de : 

conversion de la lumiere r6fl6chie (RL) en 
un signal numerique (Sd) ; 

stockage du signal numerique (Sd) dans 
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un premier registre (4a) apres qu'il ait ete echan- 
tillonne en utilisant un premier signal d'echantil- 
lonnage (M1) genere par un dispositif de 
commande (5) et ayant une premiere periode 
(T1);et 

stockage du signal numenque (Sd) dans 
un second registre (4b) apres qu'il ait ete echan- 
tillonne en utilisant un second signal d'echantil- 
lonnage (M2) genere par un dispositif de 
commande (5) et ayant une seconde periode (T2) 
plus courte que la premiere periode (T1) ; 

Dans le dispositif de commande (5): 

lecture du signal numenque stocke dans 
les premier et second registres (4a f 4b) ; 

calcul d'une difference entre les signaux 
numeriques dans le premier registre (4a) et le se- 
cond registre (4b) ; 

comparaison d'une vaieur absoiue de la 
difference avec une vaieur de seuil predetermi- 
nee (Vth); et 

detection de la presence d'un article lors- 
que la vaieur absoiue est plus grande que la va- 
ieur de seuil (Vth). 
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teint un nombre de fois predetermine (X2). 

16. Precede pour detecter un article selon la reven- 
dication 12, comprenant en outre les etapes de : 
reglage d'une premiere et seconde tension de re- 
ference (Vrefl, Vref2), detection de la lumiere 
ambiante avant de detecter la presence d'un ar- 
ticle ; comparaison de la lumiere ambiante avec 
une vaieur de seuil predeterminee ; et reglage du 
gain d'un amplif icateur (2a) selon la lumiere am- 
biante afin de commuter entre des premiere et 
seconde tensions de reference. 

17. Proc6de pour detecter un article selon la reven- 
dication 12, comprenant en outre les etapes de : 
calcul d'une difference entre un niveau de lumie- 
re ref lechie d'arriere plan et un niveau de limita- 
tion inferieur dans un mode de reglage ; et detec- 
tion d'une variation de quantity de lumiere sur la 
base des donnees resultant du calcul ci-dessus 
pour 6liminer rinfluence de la lumiere reflechie 
d'arriere-plan. 
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13. Procede pour detecter un article selon la reven- 25 
dication 12, dans lequel I'etape de detection 
comprend en outre les etapes de : definition des 
premiere et seconde valeurs de seuil (Vth1 , Vth2) 
comprise dans ia vaieur de seuil (Vth), detection 

de la presence d'un article lorsque la vaieur ab- 
soiue est plus grande que la premiere vaieur de 
seuil (Vth1), et detection qu'un article n'est pas 
present lorsque la vaieur absoiue est plus petite 
que la seconde vaieur de seuil (Vth2). 

14. Procede pour detecter un article selon la reven- 
dication 13, dans lequel les etapes de detection 
comprennent en outre les etapes de : contrdle si 
oui ou non un nombre de fois d'echantillonnage 

(C1 ) atteint un nombre predetermine de fois (X1) 40 
lorsque la vaieur absoiue est plus petite que la 
premiere vaieur de seuil (Vth1 ), et retour aux eta- 
pes d'echantillonnage anteneure. 

15. Procede pour detecter un article selon la reven- 45 
dication 13, dans lequel I'etape de detection 
comprend en outre les etapes de : contrdle si oui 

ou non un nombre de fois d'echantillonnage (C2) 
atteint un nombre predetermine de fois (X2) lors- 
que la vaieur absoiue est superieure a la seconde so 
vaieur de seuil (Vth2), retour a I'etape d'echantil- 
lonnage precedente du second signal d'echantil- 
lonnage (M2) lorsque le nombre de fois (C2) 
d'echantillonnage n 'atteint pas un nombre de fois 
predetermine (X2), et detection qu'un article n'est 55 
pas present lorsque la vaieur absoiue est plus pe- 
tite que la seconde vaieur de seuil (Vth2) ou lors- 
que le nombre de fois d'echantillonnage (C2) at- 
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Fig. 4 
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Fig. 5A 
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Fig. 8 
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Fig. 11 
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Fig. 12 
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